Cosmological Spacetimes from Negative Tension Brane Backgrounds by Burgess, C P et al.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 2: Penrose diagram for the
near horizon limit. It is simply the
Milne Universe, where the shaded




time-dependent regions I and III (t > r
+
) is described
by the direct product of a two-dimensional Milne Uni-
verse with coordinates
~
t and r, an n-dimensional hyper-
bolic space with coordinates x
n
, and a q-dimensional at
space with coordinates y
q
. In the near-horizon geome-
try, the Penrose diagram of gure 1 goes over to that of
the Milne Universe, illustrated in gure 2. The appar-
ent singularity at
~
t = 0 is harmless, as it corresponds to
a regular point at the horizon.
Alternatively, the near-horizon limit can be taken
from the static interior regions | regions II and IV of
gure 1. In this case, we nd that the two-dimensional
spacetime with coordinates r; t is reduced to Rindler
spacetime | the shaded region in gure 2.
The k = 0 brane: the k = 0 branes exhibit several
marked dierences from the k = 1 ones. The main dierence is in the asymptotic ge-
ometry, which in this case does not become at as  ! 1. In particular, in this limit,






goes to zero and the dilaton eld runs logarithmically to
 =  1.


































As might be expected starting from the original causal structure, the geometry is again
a direct product of a two-dimensional Milne Universe, an n-dimensional at space and a
q-dimensional at space. The Milne Universe geometry of the near-horizon region seems to
be quite generic for all these solutions. Note, however, that, in this case, the near horizon
geometry is an exactly at space-time, in contrast to the k =  1 brane.
3.3 Special cases
Recently, variants of the supergravity/superstring brane solutions were considered in the
literature. We now pause to show that they are nothing but particular cases of our brane
solution eqs. (3.5){(3.7).
Black-branes: k = +1 the k = 1 branes were studied extensively in the literature, and
was interpreted as a black q-brane [26]. For the special case q = 0 and in the absence of the
dilaton eld coupling, the solution reduces (as it should) to a higher-dimensional version
of the Reissner-Nordstrom black-hole. It is possible to dene the Arnowitt-Deser-Misner


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 3: Null-like geodesics form in the simple case, b = 0, n = 3.
to what happens for extremal black-branes). However, for the E(3+ 1)-brane, the horizon
is regular and the dilaton eld is well-behaved, in close analogy with the D3-branes in
type-IIB string theory.
In this case, the harmonic function H
 
































, of a (q+2)-dimensional de Sitter space and an n dimensional
hyperbolic space in the near-horizon region,  ! 0. The E(3 + 1)-brane is particularly































The above extremal solutions correspond exactly to the E-branes of the type-II* string
theories. One then expects that there ought to be non-extremal E-brane solutions as an
equivalent of the black branes in the original type-II string theories. Some of these may be




This yields an analog of the black-branes in type-II* string theories. In the non-extremal
case, r
 
is again singular. One can further nd other solutions of the type-II* string


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(t= t  )+
r = constant
Figure 4: Typical time-like trajectory. Shown also are constant-r, constant-t surfaces and the
Cauchy horizon of the solution.
Combining this with the rst-integral of energy conservation, eq. (4.8), we nd the following
















where again the sign is + for outgoing and   for incoming radial time-like geodesics.
As before, the geodesic equations can be integrated numerically in the general case,
but it is clear that the observer takes a nite proper-time to reach the horizon (h
+
! 0),























The integral of eq. (4.12) diverges as h
+
! 0, so we see that it takes an innite time for a
particle to reach the horizon as seen by a static observer inside the horizon (r < r
+
).




! 1. In this limit, the rst term inside
the square root of eq. (4.11) grows slower than the second term, which renders the square-
root to become complex-valued if r becomes suÆciently small. We see from this that an
infalling time-like geodesic never hits the singularity. Instead the infalling observer reaches
a point of closest approach, r
m
> 0, at which the square root in eq. (4.11) becomes zero,
and reected outward. The turning point for a time-like geodesic is given by the value r
c


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 6: Cartoon view of time evolution of the Einstein-Rosen bridges. The upper/lower sequence
corresponds to the evolution for the left/right choice of the foliation in gure 5.
5.2 The k =  1 brane
Consider, for simplicity, the case r
 
= 0 and q = 0, for which the singularities are point-
like.
15

























. We now rewrite this metric in terms of the conformal time 


















where the conformal time is dened by




















and has the same functional dependence for all values of n. These expressions exhibit
the bouncing structure of the (n+ 1)-dimensional space and the (time-like) kink structure
of the radial dimension. We illustrate the behavior of the scale factor in gure 7 for the




















C (    ) D (    )
Figure 7: A bounce and kink for the k =  1 brane.
5.3 The k = 0 brane
In this case, we cannot take a vanishing charge (r
 
= 0), as then h
 
would vanish too. We
instead concentrate on the limit b = 0 and q = 0 but r
 
6= 0. The starting metric has the
same form as eq. (5.1) and h
+

























but now with the conformal time dened by




















and ranging again over  1 <  < 1. The scale factor for r is similarly obtained for

















We see once again the bounce behavior of the (n + 1)-dimensional symmetric space and
the kink behavior of the scale factor for the r-direction. We can see this clearly in gure 8,
where as before we plot an example for n = 3. Note that, at  = 0 viz. at t = r
+
, nothing
special happens to the (n + 1)-dimensional subspace, but the scale-factor for the \extra
dimension", r, degenerates to zero!
5.4 Cosmological bounce/kink and time-like wormhole
As anticipated, the cosmological bounce behavior of our solution oers yet another phys-
ical interpretation: our solution is reminiscent of a time-like version of the Schwarzschild
wormhole or Einstein-Rosen bridge, which connects the two asymptotically at regions in
the maximally extended Kruskal coordinate space-time. Our solution corresponds to a =2-














C(    ) D(    )
Figure 8: A bounce and kink for the k = 0 brane.
regions | instead of the static regions | are connected by a time-like wormhole. Note
that, according to gures 7 and 8, the geometry of each xed r slice start out contracting,
reaching the minimum volume, and subsequently expanding.
The bounce/kink interpretation of our solution ts also nicely with the interpretation
that, in particular cases, our solution reduces to the S-brane (as alluded earlier), and with
the proposal that the S-branes are time-like kinks. Our solution claries the proposal
further in that the S-brane is in fact located at the horizon r
+
.
5.5 Comparison with Reissner-Nordstrom black-hole
An attentive reader would have not missed the resemblance between our solutions and
(part of) the spacetime of the Reissner-Nordstrom black-hole. More specically, if we let
the outer horizon of the Reissner-Nordstrom black-hole go to innity, then the geometry
and the Penrose diagram of the two space-times are the same.
We believe that the previous interpretation of the Kruskal diagram for our k = 0; 1
solutions in terms of interactions due to negative-tension objects remains valid also for
the non-extremal Reissner-Norsdrom black-hole in four dimensions, whose horizon is given
by S
2
and k = 1 (switching o the dilaton, see [29, pg. 158]). In our analysis, the time-
dependent region, the region between the inner and the outer horizons, is interpretable as
a destabilization of the space-time due to the combined gravitational eld of two negative-
mass objects. Inspecting the Penrose diagram of the non-extremal Reissner-Norsdrom
black-hole, one notes that the same considerations are applicable. First of all, the two
singularities in the region inside the inner horizon, where the space-time is static, still
exhibit opposite charges and equal but negative masses. The negative value of the mass
obtained from the Komar integral calculation is essentially due to contributions coming
from the electromagnetic eld.
The past light-cone of an observer in the \time-dependent" region | the region be-
tween the inner and the outer horizons | is aware of both the negative-mass objects
located inside the inner horizons: the simultaneous repulsion of the two objects propel
the observer toward increasing values of the coordinate r. Once the observer crosses the
horizon corresponding to r = r
+
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c
a
t
a
s
y
m
p
t
o
t
i
c
a
l
l
y
l
a
t
e
t
i
m
e
s
b
e
c
o
m
e
s

a
t
.
R
e
g
i
o
n
I
I
I
o
f
t
h
e
m
a
x
i
m
a
l
l
y
-
e
x
t
e
n
d
e
d
s
p
a
c
e
-
t
i
m
e
d
e
s
c
r
i
b
e
s
t
h
e
t
i
m
e
-
r
e
v
e
r
s
e
d
p
r
o
c
e
s
s
o
f
t
h
e
s
i
t
u
a
t
i
o
n
i
n
r
e
g
i
o
n
I
.
W
e
a
l
s
o
h
a
v
e
s
h
o
w
n
t
h
a
t
o
b
s
e
r
v
e
r
s
m
o
v
i
n
g
a
l
o
n
g
t
i
m
e
-
l
i
k
e
g
e
o
d
e
s
i
c
s
c
a
n
e
n
t
e
r
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
s
n
e
a
r
t
h
e
q
-
b
r
a
n
e
s
f
r
o
m
t
h
e
p
a
s
t
t
i
m
e
-
d
e
p
e
n
d
e
n
t
r
e
g
i
o
n
I
I
I
,
a
n
d
c
a
n
p
a
s
s
o
u
t
f
r
o
m
t
h
e
r
e
i
n
t
o
t
h
e
f
u
t
u
r
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t
r
e
g
i
o
n
I
.
T
h
e
s
e
t
i
m
e
-
l
i
k
e
g
e
o
d
e
s
i
c
s
a
r
e
r
e
p
e
l
l
e
d
b
y
t
h
e
t
i
m
e
-
l
i
k
e
s
i
n
g
u
l
a
r
i
t
i
e
s
,
a
n
d
h
e
n
c
e
d
o
n
o
t
h
i
t
t
h
e
m
w
h
i
l
e
e
v
o
l
v
i
n
g
t
h
r
o
u
g
h
o
u
t
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
s
.
T
h
e
h
o
r
i
z
o
n
s
o
f
t
h
e
s
p
a
c
e
-
t
i
m
e
d
e
s
c
r
i
b
e
t
h
e
s
e
t
o
f
e
v
e
n
t
s
w
h
e
r
e
o
b
s
e
r
v
e
r
s
m
a
k
e
t
h
e
t
r
a
n
s
i
t
i
o
n
i
n
t
o
o
r
o
u
t
o
f
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
s
n
e
a
r
t
h
e
q
-
b
r
a
n
e
s
.
B
e
f
o
r
e
c
r
o
s
s
i
n
g
t
h
e
h
o
r
i
z
o
n
o
u
t
o
f
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
s
,
t
h
e
r
e
i
s
o
n
l
y
o
n
e
q
-
b
r
a
n
e
i
n
s
i
d
e
a
n
o
b
s
e
r
v
e
r
'
s
p
a
s
t
l
i
g
h
t
-
c
o
n
e
.
A
f
t
e
r
c
r
o
s
s
i
n
g
t
h
e
h
o
r
i
z
o
n
,
h
o
w
e
v
e
r
,
b
o
t
h
q
-
b
r
a
n
e
s
a
r
e
i
n
t
h
e
o
b
s
e
r
v
e
r
'
s
p
a
s
t
l
i
g
h
t
-
c
o
n
e
(
b
u
t
n
o
t
i
n
t
h
e
f
u
t
u
r
e
l
i
g
h
t
-
c
o
n
e
)
.
T
h
e
m
e
t
r
i
c
n
e
a
r
t
h
e
h
o
r
i
z
o
n
r
e
s
e
m
b
l
e
s
t
h
a
t
o
f
t
h
e
S
-
b
r
a
n
e
a
s
d
e
s
c
r
i
b
e
d
i
n
[
5
]
.
F
o
r
t
h
e
s
p
e
c
i
a
l
c
a
s
e
o
f
0
-
b
r
a
n
e
s
(
q
=
0
)
,
o
u
r
s
o
l
u
t
i
o
n
s
a
g
r
e
e
p
r
e
c
i
s
e
l
y
w
i
t
h
t
h
e
S
-
b
r
a
n
e
s
.
H
o
w
e
v
e
r
t
h
e
p
h
y
s
i
c
a
l
i
n
t
e
r
p
r
e
t
a
t
i
o
n
w
e
a
r
e
p
r
o
v
i
d
i
n
g
r
e
s
e
m
b
l
e
s
m
o
r
e
t
h
e
o
n
e
o
f
[
8
]
t
h
a
n
t
h
a
t
i
n
[
5
]
.
T
h
e
p
o
i
n
t
i
s
t
h
a
t
i
n
t
h
e
o
r
i
g
i
n
a
l
S
-
b
r
a
n
e
s
o
l
u
t
i
o
n
t
h
e
a
t
t
e
n
t
i
o
n
w
a
s
c
o
n
c
e
n
t
r
a
t
e
d
o
n
l
y
o
n
t
h
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t
p
a
r
t
o
f
t
h
e
g
e
o
m
e
t
r
y
f
o
r
w
h
i
c
h
a
n
s
p
a
c
e
l
i
k
e
\
o
b
j
e
c
t
"
,
t
h
e
h
o
r
i
z
o
n
,
w
a
s
a
s
s
i
g
n
e
d
p
h
y
s
i
c
a
l
p
r
o
p
e
r
t
i
e
s
s
u
c
h
a
s
c
h
a
r
g
e
.
W
h
e
n
c
o
n
s
i
d
e
r
i
n
g
t
h
e
f
u
l
l
s
p
a
c
e
t
i
m
e
g
e
o
m
e
t
r
y
i
t
i
s
t
h
e
n
c
l
e
a
r
t
h
a
t
t
h
e
p
h
y
s
i
c
a
l
o
b
j
e
c
t
c
o
r
r
e
s
p
o
n
d
s
t
o
t
h
e
s
i
n
g
u
l
a
r
i
t
y
w
h
i
c
h
b
e
i
n
g
i
n
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
a
l
l
o
w
s
f
o
r
a
n
u
n
a
m
b
i
g
u
o
u
s
d
e

n
i
t
i
o
n
o
f
c
h
a
r
g
e
a
n
d
t
e
n
s
i
o
n
.
T
h
e
s
i
n
g
u
l
a
r
i
t
i
e
s
t
h
e
n
a
r
e
s
i
m
i
l
a
r
t
o
o
r
i
e
n
t
i
f
o
l
d
p
l
a
n
e
s
[
8
]
i
n
t
h
e
s
e
n
s
e
o
f
h
a
v
i
n
g
n
e
g
a
t
i
v
e
t
e
n
s
i
o
n
{
3
6
{
JHEP10(2002)028
a
n
d
b
e
i
n
g
c
o
n
s
t
r
a
i
n
e
d
t
o
a

x
e
d
p
o
i
n
t
i
n
t
h
e
r
;
t
c
o
o
r
d
i
n
a
t
e
s
(
r
=
0
)
.
I
n
t
h
i
s
s
e
n
s
e
t
h
e
y
a
r
e
f
r
e
e
f
r
o
m
p
o
t
e
n
t
i
a
l
i
n
s
t
a
b
i
l
i
t
i
e
s
i
n
t
h
e
s
a
m
e
w
a
y
a
s
t
h
e
o
r
i
e
n
t
i
f
o
l
d
p
l
a
n
e
s
a
r
e
.
H
o
w
e
v
e
r
o
r
i
e
n
t
i
f
o
l
d
p
l
a
n
e
s
a
r
e
w
e
l
l
-
d
e

n
e
d
o
b
j
e
c
t
s
i
n
t
e
r
m
s
o
f
a
s
e
t
o
f
b
o
u
n
d
a
r
y
c
o
n
d
i
t
i
o
n
s
,
w
h
i
c
h
o
u
r
s
o
l
u
t
i
o
n
s
a
r
e
n
o
t
a
p
r
i
o
r
i
c
o
n
s
t
r
a
i
n
e
d
t
o
o
b
e
y
.
F
u
r
t
h
e
r
m
o
r
e
a
n
o
r
i
e
n
t
i
f
o
l
d
p
l
a
n
e
u
s
u
a
l
l
y
p
r
e
s
e
r
v
e
s
p
a
r
t
o
f
s
u
p
e
r
s
y
m
m
e
t
r
y
.
A
p
r
e
l
i
m
i
n
a
r
y
s
t
u
d
y
i
n
d
i
c
a
t
e
s
t
h
a
t
o
u
r
s
o
l
u
t
i
o
n
s
a
r
e
n
o
n
s
u
p
e
r
s
y
m
m
e
t
r
i
c
.
T
h
e
r
e
f
o
r
e
w
e
b
e
l
i
e
v
e
t
h
a
t
t
h
e
s
e
n
e
g
a
t
i
v
e
-
t
e
n
s
i
o
n
b
r
a
n
e
s
r
e
p
r
e
s
e
n
t
a
g
e
n
e
r
a
l
i
z
a
t
i
o
n
o
f
o
r
i
e
n
t
i
f
o
l
d
p
l
a
n
e
s
.
C
e
r
t
a
i
n
a
s
p
e
c
t
s
o
f
o
u
r
s
o
l
u
t
i
o
n
s
a
l
s
o
s
h
a
r
e
f
e
a
t
u
r
e
s
w
i
t
h
t
h
o
s
e
d
i
s
c
u
s
s
e
d
r
e
c
e
n
t
l
y
i
n
[
8
,
9
]
,
w
h
e
r
e
t
i
m
e
-
l
i
k
e
o
r
b
i
f
o
l
d
s
o
f

a
t
s
p
a
c
e
-
t
i
m
e
w
e
r
e
c
o
n
s
i
d
e
r
e
d
a
n
d
p
o
t
e
n
t
i
a
l
l
y
i
n
t
e
r
-
e
s
t
i
n
g
c
o
s
m
o
l
o
g
i
c
a
l
e
v
o
l
u
t
i
o
n
w
e
r
e
o
b
t
a
i
n
e
d
b
y
c
o
m
p
a
c
t
i
f
y
i
n
g
s
o
m
e
e
x
t
r
a
d
i
m
e
n
s
i
o
n
s
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
o
u
r
s
o
l
u
t
i
o
n
s
d
o
n
o
t
h
a
v
e
t
h
e
p
r
o
b
l
e
m
s
r
e
c
e
n
t
l
y
r
a
i
s
e
d
f
o
r
t
h
o
s
e
o
r
b
i
f
o
l
d
g
e
o
m
e
t
r
i
e
s
(
s
e
e
f
o
r
i
n
s
t
a
n
c
e
t
h
e
l
a
s
t
r
e
f
e
r
e
n
c
e
i
n
[
9
]
)
,
s
i
n
c
e
t
h
e
y
a
r
e
o
b
t
a
i
n
e
d
b
y
s
o
l
v
i
n
g
E
i
n
s
t
e
i
n
'
s
e
q
u
a
t
i
o
n
s
w
i
t
h
o
u
t
t
h
e
n
e
e
d
o
f
o
r
b
i
f
o
l
d
t
w
i
s
t
s
.
I
n
t
h
i
s
r
e
g
a
r
d
,
o
u
r
s
o
l
u
t
i
o
n
s
c
a
n
b
e
c
o
n
s
i
d
e
r
e
d
a
s
a
n
e
x
p
l
i
c
i
t
y
e
t
r
e
l
a
t
i
v
e
l
y
s
i
m
p
l
e
c
l
a
s
s
o
f
s
t
r
i
n
g
t
h
e
o
r
y
b
a
c
k
g
r
o
u
n
d
s
f
o
r
a
d
-
d
r
e
s
s
i
n
g
v
a
r
i
o
u
s
i
s
s
u
e
s
r
a
i
s
e
d
t
h
e
r
e
i
n
s
u
c
h
a
s
s
t
a
b
i
l
i
t
y
,
c
a
u
s
a
l
s
t
r
u
c
t
u
r
e
a
n
d
p
a
r
t
i
c
l
e
/
s
t
r
i
n
g
p
r
o
d
u
c
t
i
o
n
s
.
A
f
e
a
t
u
r
e
o
f
t
h
e
s
o
l
u
t
i
o
n
s
o
f
[
4
]
i
s
t
h
a
t
t
h
e
y
o
u
g
h
t
t
o
b
e
u
b
i
q
u
i
t
o
u
s
t
o
a
w
i
d
e
c
l
a
s
s
o
f
s
u
p
e
r
g
r
a
v
i
t
y
,
l
o
w
-
e
n
e
r
g
y
s
t
r
i
n
g
t
h
e
o
r
i
e
s
,
a
n
d
c
o
m
p
a
c
t

c
a
t
i
o
n
s
t
h
e
r
e
o
f
.
I
n
c
a
s
e
c
o
n
s
i
d
e
r
e
d
a
s
s
o
l
u
t
i
o
n
s
o
f
s
t
r
i
n
g
t
h
e
o
r
i
e
s
,
t
h
e
y
h
a
v
e
w
e
l
l
-
d
e

n
e
d
d
o
m
a
i
n
s
o
f
v
a
l
i
d
i
t
y
w
h
i
c
h
f
o
l
l
o
w
f
r
o
m
t
h
e
r
e
q
u
i
r
e
m
e
n
t
s
o
f
w
e
a
k
c
o
u
p
l
i
n
g
(
e


1
)
a
n
d
s
m
a
l
l
c
u
r
v
a
t
u
r
e
(

0
@
2

1
)
.
I
n
t
h
a
t
c
a
s
e
,
v
a
r
i
o
u
s
s
t
r
i
n
g
y
c
o
r
r
e
c
t
i
o
n
s
a
r
e
e
x
p
e
c
t
e
d
t
o
a
l
t
e
r
t
h
e
r
e
g
i
o
n
s
c
l
o
s
e
t
o
t
h
e
t
i
m
e
-
l
i
k
e
s
i
n
g
u
l
a
r
-
i
t
i
e
s
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
r
e
g
i
o
n
s
n
e
a
r
t
h
e
h
o
r
i
z
o
n
s
w
o
u
l
d
b
e
f
r
e
e
f
r
o
m
s
u
c
h
c
o
r
r
e
c
t
i
o
n
s
.
7
.
2
F
u
t
u
r
e
d
i
r
e
c
t
i
o
n
s
T
h
e
r
e
a
r
e
t
w
o
i
m
p
o
r
t
a
n
t
i
s
s
u
e
s
w
h
i
c
h
w
e
w
e
r
e
a
b
l
e
t
o
r
e
s
o
l
v
e
o
n
l
y
p
a
r
t
i
a
l
l
y
h
e
r
e
.
O
n
e
i
s
t
h
e
q
u
e
s
t
i
o
n
o
f
t
h
e
s
t
a
b
i
l
i
t
y
o
f
t
h
e
s
e
s
p
a
c
e
-
t
i
m
e
s
(
f
o
r
a
r
e
c
e
n
t
d
i
s
c
u
s
s
i
o
n
s
e
e
[
4
0
]
)
.
W
e
h
a
v
e
s
h
o
w
n
t
h
a
t
t
h
e
p
a
s
t
h
o
r
i
z
o
n
s
o
f
t
h
e
s
e
s
p
a
c
e
-
t
i
m
e
s
a
r
e
l
i
k
e
l
y
t
o
b
e
u
n
s
t
a
b
l
e
i
n
p
r
e
c
i
s
e
l
y
t
h
e
s
a
m
e
m
a
n
n
e
r
a
s
t
h
e
i
n
n
e
r
h
o
r
i
z
o
n
o
f
t
h
e
R
e
i
s
s
n
e
r
-
N
o
r
d
s
t
r
o
m
b
l
a
c
k
-
h
o
l
e
.
A
m
o
r
e
c
o
m
p
l
e
t
e
i
n
v
e
s
t
i
g
a
t
i
o
n
o
f
s
t
a
b
i
l
i
t
y
i
s
o
b
v
i
o
u
s
l
y
o
f
c
o
n
s
i
d
e
r
a
b
l
e
i
n
t
e
r
e
s
t
.
T
h
e
s
e
c
o
n
d
i
s
t
h
e
q
u
e
s
t
i
o
n
o
f
q
u
a
n
t
u
m
i
n
s
t
a
b
i
l
i
t
y
,
a
n
d
w
h
e
t
h
e
r
t
h
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t

e
l
d
s
i
n
r
e
g
i
o
n
s
I
a
n
d
I
I
I
g
i
v
e
r
i
s
e
t
o
p
a
r
t
i
c
l
e
p
r
o
d
u
c
t
i
o
n
.
W
e
h
a
v
e
a
r
g
u
e
d
t
h
a
t
t
h
e
r
e
i
s
a
n
a
t
u
r
a
l
d
e

n
i
t
i
o
n
f
o
r
t
h
e
H
a
w
k
i
n
g
t
e
m
p
e
r
a
t
u
r
e
f
o
r
t
h
e
s
t
a
t
i
c
s
p
a
c
e
-
t
i
m
e
s
n
e
a
r
t
h
e
q
-
b
r
a
n
e
s
,
a
n
d
t
h
i
s
s
t
r
o
n
g
l
y
s
u
g
g
e
s
t
s
t
h
a
t
t
h
i
s
i
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
r
m
a
l
r
a
d
i
a
t
i
o
n
a
s
s
e
e
n
b
y
t
h
e
s
t
a
t
i
c
o
b
s
e
r
v
e
r
s
.
A
m
o
r
e
d
e
t
a
i
l
e
d
c
a
l
c
u
l
a
t
i
o
n
o
f
p
a
r
t
i
c
l
e
p
r
o
d
u
c
t
i
o
n
i
s
c
e
r
t
a
i
n
l
y
d
e
s
i
r
a
b
l
e
.
T
h
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t
r
e
g
i
o
n
s
,
I
a
n
d
I
I
I
,
o
f
t
h
e
s
p
a
c
e
-
t
i
m
e
s
a
r
e
a
l
s
o
o
f
c
o
n
s
i
d
e
r
a
b
l
e
i
n
-
t
e
r
e
s
t
,
b
e
c
a
u
s
e
t
h
e
y
m
a
y
o
p
e
n
u
p
a
n
e
w
a
v
e
n
u
e
f
o
r
t
h
e
c
o
s
m
o
l
o
g
y
o
f
t
h
e
e
a
r
l
y
U
n
i
v
e
r
s
e
.
I
n
t
h
e
f
u
t
u
r
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t
r
e
g
i
o
n
I
,
t
h
e
s
p
a
c
e
-
t
i
m
e
e
x
h
i
b
i
t
s
e
x
p
a
n
s
i
o
n
o
f
t
h
e
h
y
p
e
r
b
o
l
i
c
d
i
r
e
c
t
i
o
n
s
,
a
n
d
a
p
a
s
t
h
o
r
i
z
o
n
w
i
t
h
o
u
t
a
p
a
s
t
s
p
a
c
e
-
l
i
k
e
s
i
n
g
u
l
a
r
i
t
y
.
S
i
n
c
e
r
e
g
i
o
n
I
I
I
c
o
r
-
r
e
s
p
o
n
d
s
t
o
t
h
e
t
i
m
e
-
r
e
v
e
r
s
e
o
f
r
e
g
i
o
n
I
,
t
a
k
e
n
t
o
g
e
t
h
e
r
t
h
e
t
w
o
r
e
g
i
o
n
s
I
a
n
d
I
I
I
o

e
r
a
n
i
n
t
e
r
e
s
t
i
n
g
r
e
a
l
i
z
a
t
i
o
n
o
f
a
s
i
n
g
u
l
a
r
i
t
y
-
f
r
e
e
c
o
s
m
o
l
o
g
y
,
w
h
i
c
h
b
o
u
n
c
e
s
f
r
o
m
a
c
o
n
t
r
a
c
t
i
n
g
t
o
a
n
e
x
p
a
n
d
i
n
g
U
n
i
v
e
r
s
e
.
O
n
e
i
s
e
v
e
n
t
u
a
l
l
y
i
n
t
e
r
e
s
t
e
d
i
n
a
r
e
a
l
i
s
t
i
c
b
o
u
n
c
i
n
g
c
o
s
m
o
l
o
g
y
f
r
e
e
f
r
o
m
i
n
s
t
a
b
i
l
i
t
i
e
s
a
t
t
h
e
p
a
s
t
h
o
r
i
z
o
n
.
A
p
o
s
s
i
b
l
e
p
r
e
s
c
r
i
p
t
i
o
n
e
n
s
u
r
i
n
g
t
h
e
s
t
a
b
i
l
i
t
y
w
o
u
l
d
b
e
a
p
e
r
i
o
d
i
c
i
d
e
n
t
i

c
a
t
i
o
n
o
f
t
h
e
K
i
l
l
i
n
g
c
o
o
r
d
i
n
a
t
e
,
r
,
i
n
t
h
e
t
i
m
e
-
d
e
p
e
n
d
e
n
t
r
e
g
i
o
n
s
.
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A
n
o
b
v
i
o
u
s
o
b
s
t
a
c
l
e
t
o
c
o
n
s
t
r
u
c
t
i
n
g
a
r
e
a
l
i
s
t
i
c
c
o
s
m
o
l
o
g
y
o
u
t
o
f
t
h
e
s
o
l
u
t
i
o
n
s
e
q
s
.
(
2
.
3
)
a
n
d
(
2
.
4
)
i
s
t
h
a
t
c
o
-
m
o
v
i
n
g
o
b
s
e
r
v
e
r
s
d
o
n
o
t
s
e
e
a
h
o
m
o
g
e
n
e
o
u
s
a
n
d
i
s
o
t
r
o
p
i
c
s
p
a
c
e
.
T
h
i
s
o
b
j
e
c
t
i
o
n
n
e
e
d
s
n
o
t
b
e
f
a
t
a
l
,
a
s
i
t
m
a
y
d
e
s
c
r
i
b
e
s
p
a
c
e
-
t
i
m
e
d
u
r
i
n
g
t
h
e
v
e
r
y
e
a
r
l
y
U
n
i
-
v
e
r
s
e
|
p
e
r
h
a
p
s
d
u
r
i
n
g
i
n

a
t
i
o
n
{
b
e
f
o
r
e
t
h
e
U
n
i
v
e
r
s
e
i
s
r
e
a
l
l
y
r
e
q
u
i
r
e
d
t
o
b
e
i
s
o
t
r
o
p
i
c
a
n
d
h
o
m
o
g
e
n
e
o
u
s
.
I
n
d
e
e
d
,
a
n
a
t
t
r
a
c
t
i
v
e
b
r
a
n
e
c
o
s
m
o
l
o
g
y
f
o
r
t
h
e
s
e
e
a
r
l
y
e
p
o
c
h
h
a
s
b
e
e
n
p
r
o
p
o
s
e
d
b
y
u
t
i
l
i
z
i
n
g
b
r
a
n
e
-
a
n
t
i
b
r
a
n
e
i
n
t
e
r
a
c
t
i
o
n
s
[
1
]
.
A
l
t
e
r
n
a
t
i
v
e
l
y
,
i
t
m
a
y
b
e
t
h
e
h
i
g
h
e
r
-
d
i
m
e
n
s
i
o
n
a
l
s
o
l
u
t
i
o
n
s
w
h
i
c
h
a
r
e
o
f
c
o
s
m
o
l
o
g
i
c
a
l
r
e
l
e
v
a
n
c
e
.
A
f
t
e
r
a
l
l
,
t
h
e
s
e
s
p
a
c
e
-
t
i
m
e
s
d
o
h
a
v
e
t
h
r
e
e
-
d
i
m
e
n
s
i
o
n
a
l
h
y
p
e
r
-
s
u
r
f
a
c
e
s
w
h
i
c
h
a
r
e
h
o
m
o
g
e
n
e
o
u
s
a
n
d
i
s
o
t
r
o
p
i
c
.
I
n
t
h
e
s
p
e
-
c
i

c
m
e
t
r
i
c
s
p
r
e
s
e
n
t
e
d
i
n
[
4
]
,
t
h
i
s
u
s
u
a
l
l
y
r
e
q
u
i
r
e
s
t
h
a
t
t
h
e
r
a
d
i
a
l
c
o
o
r
d
i
n
a
t
e
,
r
,
d
e
s
c
r
i
b
e
s
a
c
o
m
p
a
c
t
d
i
r
e
c
t
i
o
n
.
T
h
i
s
w
o
u
l
d
b
e
p
r
o
b
l
e
m
a
t
i
c
i
f
t
h
e
s
p
a
c
e
t
i
m
e
a
l
s
o
i
n
c
l
u
d
e
s
t
h
e
s
t
a
t
i
c
r
e
g
i
o
n
s
b
e
c
a
u
s
e
,
t
h
e
r
e
,
t
h
e
r
-
c
o
o
r
d
i
n
a
t
e
w
o
u
l
d
c
o
r
r
e
s
p
o
n
d
t
o
a
c
o
m
p
a
c
t
t
i
m
e
d
i
r
e
c
t
i
o
n
.
H
a
v
i
n
g
c
l
o
s
e
d
t
i
m
e
-
l
i
k
e
c
u
r
v
e
s
,
i
t
m
a
y
a
l
s
o
l
e
a
d
t
o
o
r
b
i
f
o
l
d
i
n
s
t
a
b
i
l
i
t
i
e
s
[
9
]
.
C
e
r
t
a
i
n
l
y
,
a
d
i
r
e
c
t
i
o
n
f
o
r
f
u
t
u
r
e
w
o
r
k
i
s
t
o
e
x
p
l
o
r
e
w
h
e
t
h
e
r
a
r
e
a
s
o
n
a
b
l
e
c
o
s
m
o
l
o
g
y
c
a
n
b
e
c
o
n
s
t
r
u
c
t
e
d
f
r
e
e
f
r
o
m
t
h
e
s
e
p
a
t
h
o
l
o
g
i
e
s
.
W
e
a
r
e
c
u
r
r
e
n
t
l
y
i
n
v
e
s
t
i
g
a
t
i
n
g
t
h
e
a
b
o
v
e
i
s
s
u
e
s
,
a
n
d
w
i
l
l
r
e
p
o
r
t
r
e
s
u
l
t
s
e
l
s
e
w
h
e
r
e
.
A
c
k
n
o
w
l
e
d
g
m
e
n
t
s
W
e
t
h
a
n
k
S
t
e
p
h
o
n
A
l
e
x
a
n
d
e
r
,
M
a
r
t
i
n
B
u
c
h
e
r
,
J
i
m
C
l
i
n
e
,
M
i
g
u
e
l
C
o
s
t
a
,
D
a
m
i
e
n
E
a
s
s
o
n
,
G
a
r
y
G
i
b
b
o
n
s
,
C
h
r
i
s
t
o
p
h
e
G
r
o
j
e
a
n
,
S
t
e
f
a
n
o
K
o
v
a
c
s
,
D
a
v
i
d
M
a
t
e
o
s
,
R
o
b
M
y
e
r
s
,
Y
u
n
s
o
o
M
y
u
n
g
,
E
r
i
c
P
o
i
s
s
o
n
,
A
s
h
o
k
e
S
e
n
,
P
a
u
l
T
o
w
n
s
e
n
d
,
M
i
c
h
e
l
e
T
r
a
p
l
e
t
t
i
,
N
e
i
l
T
u
r
o
k
,
T
o
b
y
W
i
s
e
m
a
n
,
J
u
n
g
-
T
a
y
Y
e
e
,
a
n
d
S
u
n
n
y
o
Y
i
f
o
r
h
e
l
p
f
u
l
c
o
n
v
e
r
s
a
t
i
o
n
s
.
F
.
Q
,
S
.
-
J
.
R
.
,
G
.
T
.
a
n
d
I
.
Z
.
t
h
a
n
k
I
C
T
P
,
T
r
i
e
s
t
e
w
h
e
r
e
p
a
r
t
o
f
t
h
i
s
p
r
o
j
e
c
t
w
a
s
d
e
v
e
l
o
p
e
d
.
C
.
B
.
a
n
d
S
.
-
J
.
R
.
r
e
s
p
e
c
t
i
v
e
l
y
t
h
a
n
k
D
A
M
T
P
a
n
d
t
h
e
N
e
w
t
o
n
I
n
s
t
i
t
u
t
e
f
o
r
M
a
t
h
e
m
a
t
i
c
a
l
S
c
i
e
n
c
e
s
a
t
C
a
m
b
r
i
d
g
e
U
n
i
v
e
r
s
i
t
y
f
o
r
h
o
s
p
i
t
a
l
i
t
y
.
C
.
B
.
'
s
r
e
s
e
a
r
c
h
i
s
p
a
r
t
i
a
l
l
y
f
u
n
d
e
d
b
y
g
r
a
n
t
s
f
r
o
m
N
.
S
.
E
.
R
.
C
.
o
f
C
a
n
a
d
a
a
n
d
F
.
C
.
A
.
R
.
o
f
Q
u

e
b
e
c
.
F
.
Q
.
'
s
r
e
s
e
a
r
c
h
i
s
p
a
r
t
i
a
l
l
y
f
u
n
d
e
d
b
y
P
P
A
R
C
.
S
.
-
J
.
R
.
'
s
r
e
s
e
a
r
c
h
i
s
p
a
r
t
i
a
l
l
y
f
u
n
d
e
d
b
y
B
K
-
2
1
P
r
o
g
r
a
m
t
h
r
o
u
g
h
S
N
U
-
P
h
y
s
i
c
s
(
T
e
a
m
2
)
,
t
h
e
K
O
S
E
F
I
n
t
e
r
d
i
s
c
i
p
l
i
n
a
r
y
R
e
s
e
a
r
c
h
G
r
a
n
t
,
t
h
e
K
O
S
E
F
L
e
a
d
i
n
g
S
c
i
e
n
t
i
s
t
P
r
o
g
r
a
m
,
a
n
d
S
N
U
-
C
N
S
F
a
c
u
l
t
y
R
e
s
e
a
r
c
h
A
w
a
r
d
.
I
.
Z
.
C
.
i
s
s
u
p
p
o
r
t
e
d
b
y
C
O
N
A
C
y
T
(
M
e
x
i
c
o
)
,
T
r
i
n
i
t
y
C
o
l
l
e
g
e
(
C
a
m
b
r
i
d
g
e
)
a
n
d
C
a
m
b
r
i
d
g
e
O
v
e
r
s
e
a
s
T
r
u
s
t
.
G
.
T
.
i
s
p
a
r
t
i
a
l
l
y
s
u
p
p
o
r
t
e
d
b
y
t
h
e
E
u
r
o
p
e
a
n
T
M
R
p
r
o
j
e
c
t
\
A
c
r
o
s
s
t
h
e
E
n
e
r
g
y
F
r
o
n
t
i
e
r
"
u
n
d
e
r
c
o
n
t
r
a
c
t
H
P
R
N
-
C
T
-
2
0
0
0
-
0
1
4
8
a
n
d
b
y
t
h
e
E
u
r
o
p
e
a
n
R
T
N
p
r
o
j
e
c
t
:
S
u
p
e
r
s
y
m
m
e
t
r
y
a
n
d
t
h
e
E
a
r
l
y
U
n
i
v
e
r
s
e
"
u
n
d
e
r
c
o
n
t
r
a
c
t
n
u
m
b
e
r
H
P
R
N
-
C
T
-
2
0
0
0
-
0
0
1
5
2
.
R
e
f
e
r
e
n
c
e
s
[
1
]
G
.
R
.
D
v
a
l
i
a
n
d
S
.
H
.
H
.
T
y
e
,
B
r
a
n
e
i
n

a
t
i
o
n
,
P
h
y
s
.
L
e
t
t
.
B
4
5
0
(
1
9
9
9
)
7
2
[
h
e
p
-
p
h
/
9
8
1
2
4
8
3
]
;
C
.
P
.
B
u
r
g
e
s
s
,
M
.
M
a
j
u
m
d
a
r
,
D
.
N
o
l
t
e
,
F
.
Q
u
e
v
e
d
o
,
G
.
R
a
j
e
s
h
a
n
d
R
.
J
.
Z
h
a
n
g
,
T
h
e
i
n

a
t
i
o
n
a
r
y
b
r
a
n
e
-
a
n
t
i
b
r
a
n
e
u
n
i
v
e
r
s
e
,
J
.
H
i
g
h
E
n
e
r
g
y
P
h
y
s
.
0
7
(
2
0
0
1
)
0
4
7
[
h
e
p
-
t
h
/
0
1
0
5
2
0
4
]
;
G
.
R
.
D
v
a
l
i
,
Q
.
S
h
a

a
n
d
S
.
S
o
l
g
a
n
i
k
,
D
-
b
r
a
n
e
i
n

a
t
i
o
n
,
h
e
p
-
t
h
/
0
1
0
5
2
0
3
;
C
.
P
.
B
u
r
g
e
s
s
,
P
.
M
a
r
t
i
n
e
a
u
,
F
.
Q
u
e
v
e
d
o
,
G
.
R
a
j
e
s
h
a
n
d
R
.
J
.
Z
h
a
n
g
,
B
r
a
n
e
a
n
t
i
b
r
a
n
e
i
n

a
t
i
o
n
i
n
o
r
b
i
f
o
l
d
a
n
d
o
r
i
e
n
t
i
f
o
l
d
m
o
d
e
l
s
,
J
.
H
i
g
h
E
n
e
r
g
y
P
h
y
s
.
0
3
(
2
0
0
2
)
0
5
2
[
h
e
p
-
t
h
/
0
1
1
1
0
2
5
]
;
B
.
-
s
.
K
y
a
e
a
n
d
Q
.
S
h
a

,
B
r
a
n
e
s
a
n
d
i
n

a
t
i
o
n
a
r
y
c
o
s
m
o
l
o
g
y
,
P
h
y
s
.
L
e
t
t
.
B
5
2
6
(
2
0
0
2
)
3
7
9
[
h
e
p
-
p
h
/
0
1
1
1
1
0
1
]
;
{
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J
.
G
a
r
c
i
a
-
B
e
l
l
i
d
o
,
R
.
R
a
b
a
d
a
n
a
n
d
F
.
Z
a
m
o
r
a
,
I
n

a
t
i
o
n
a
r
y
s
c
e
n
a
r
i
o
s
f
r
o
m
b
r
a
n
e
s
a
t
a
n
g
l
e
s
,
J
.
H
i
g
h
E
n
e
r
g
y
P
h
y
s
.
0
1
(
2
0
0
2
)
0
3
6
[
h
e
p
-
t
h
/
0
1
1
2
1
4
7
]
;
R
.
B
l
u
m
e
n
h
a
g
e
n
,
B
.
K
o
r
s
,
D
.
L

u
s
t
a
n
d
T
.
O
t
t
,
H
y
b
r
i
d
i
n

a
t
i
o
n
i
n
i
n
t
e
r
s
e
c
t
i
n
g
b
r
a
n
e
w
o
r
l
d
s
,
N
u
c
l
.
P
h
y
s
.
B
6
4
1
(
2
0
0
2
)
2
3
5
[
h
e
p
-
t
h
/
0
2
0
2
1
2
4
]
;
K
.
D
a
s
g
u
p
t
a
,
C
.
H
e
r
d
e
i
r
o
,
S
.
H
i
r
a
n
o
a
n
d
R
.
K
a
l
l
o
s
h
,
D
3
/
D
7
i
n

a
t
i
o
n
a
r
y
m
o
d
e
l
a
n
d
M
-
t
h
e
o
r
y
,
P
h
y
s
.
R
e
v
.
D
6
5
(
2
0
0
2
)
1
2
6
0
0
2
;
N
.
J
o
n
e
s
,
H
.
S
t
o
i
c
a
a
n
d
S
.
H
.
H
.
T
y
e
,
B
r
a
n
e
i
n
t
e
r
a
c
t
i
o
n
a
s
t
h
e
o
r
i
g
i
n
o
f
i
n

a
t
i
o
n
,
J
.
H
i
g
h
E
n
e
r
g
y
P
h
y
s
.
0
7
(
2
0
0
2
)
0
5
1
[
h
e
p
-
t
h
/
0
2
0
3
1
6
3
]
.
[
2
]
J
.
K
h
o
u
r
y
,
B
.
A
.
O
v
r
u
t
,
P
.
J
.
S
t
e
i
n
h
a
r
d
t
a
n
d
N
.
T
u
r
o
k
,
T
h
e
e
k
p
y
r
o
t
i
c
u
n
i
v
e
r
s
e
:
c
o
l
l
i
d
i
n
g
b
r
a
n
e
s
a
n
d
t
h
e
o
r
i
g
i
n
o
f
t
h
e
h
o
t
b
i
g
b
a
n
g
,
P
h
y
s
.
R
e
v
.
D
6
4
(
2
0
0
1
)
1
2
3
5
2
2
[
h
e
p
-
t
h
/
0
1
0
3
2
3
9
]
;
J
.
K
h
o
u
r
y
,
B
.
A
.
O
v
r
u
t
,
N
.
S
e
i
b
e
r
g
,
P
.
J
.
S
t
e
i
n
h
a
r
d
t
a
n
d
N
.
T
u
r
o
k
,
F
r
o
m
b
i
g
c
r
u
n
c
h
t
o
b
i
g
b
a
n
g
,
P
h
y
s
.
R
e
v
.
D
6
5
(
2
0
0
2
)
0
8
6
0
0
7
[
h
e
p
-
t
h
/
0
1
0
8
1
8
7
]
;
R
.
K
a
l
l
o
s
h
,
L
.
K
o
f
m
a
n
a
n
d
A
.
D
.
L
i
n
d
e
,
P
y
r
o
t
e
c
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